The liposome modified with simple ligand and metal ions shows the superoxide dismutase-like activity. The membrane fluidity of various liposomes modified with the functional ligand (Dodecanoyl-His; Dodec-His) and the clustering of the ligand on the liposome surface were first characterized, showing that the clustering of Dodec-His could be induced on the liposome surface at gel-phase. The capacity of adsorption of Cu and Zn was found to be increased dependently on the type of liposome, resulting in the maximal adsorption in liposome prepared by 1,2-dipalmitoyl-snglycero-3-phosphocholine (DPPC) at gel state and with higher ligand clustering state. As a result on the SOD-like activity of the metal/ligand-modified liposome, the SOD-like activity was found to be induced by using the above liposomes although its activity level is not so high.
Introduction
Oxidative stresses caused by the reactive oxygen species (ROS) (e.g. superoxide, hydrogen peroxide and hydroxyl radical) are inevitable stresses of biological systems on earth 1) . It is known that, in biological cells, superoxide dismutase (SOD) and catalase (CAT) eliminate the ROS to protect the cell from oxidative stresses 2) . The natural antioxidative enzymes are, however, known to be unstable inside the biological environment and are mostly exposed to various kinds of oxidative stresses (i.e. ROS). The SOD structure is, for example, destroyed and furthermore was fragmented into pieces in the presence of hydrogen peroxide, which could be formed by the conversion of superoxide with SOD itself 3, 4) . The artificial enzymes that mimic the above antioxidative enzymes and show high stability need to be designed to efficiently eliminate the ROS, such as superoxide and hydrogen peroxide.
Much effort has been devoted to the design and development of artificial antioxidative enzymes 5, 6) although several efforts have been made for the control of their activities through the modulation of the structure of the metal-ligand complex by the suitablydesigned chemical structures of the ligand 7, 8) . A model biomembrane, liposome, is a possible candidate to provide a common platform for different catalytic centers of the natural enzymes. Such a liposome herewith possesses several benefits in the regulation of catalytic activity, where it can provide (i) a nano hydrophobic environment, (ii) a stress-responsible character, (iii) a microdomain structure, and (iv) membrane-membrane interactions. Some researchers have reported the effectiveness of the use of a model biomembrane (liposome) as a platform to immobilize the functional catalytic center 9 11) . Enzyme-like activity, such as that of SOD 9, 12 14) and cholesterol oxidase 15) , has already been regulated by the membrane properties of the liposome, as well as affording functional elements on the liposome surface. The above enzyme-like function of liposome, which can herewith be defined as "LIPOzyme" 16) , can be utilized for the design of the artificial enzymes.
The final purpose is to design and develop the liposome catalysis, which can be defined as LIPOzyme 16) , demonstrating the activity of the SOD. As shown in Fig. 1(a) and (b), the active center of SOD is known to consist of the Cu and Zn coordinating with six His residues and one Asp residue. In this study, it has been investigated whether the molecular assembly of simple and minimal elements (His and Cu/Zn) on the liposome could induce the SOD-like activity ( Fig. 1(c) ).
After the liposome modified with dodecanoyl-His (Dodec-His, Fig. 1(d) ) was prepared, the basic characteristics of the Dodec-His modified liposome and the adsorption behaviors of metal ions (Cu and Zn) on it were systematically investigated. Based on these results, the SOD-like activity of the metal/ligand-modified liposome was finally investigated.
Materials and Methods

Materials
Tm 42 ), 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC : T m 23 ), and 1,2-dilauroyl-sn-glycero-3-phosphocholine (DLPC: T m 0 ) were purchased from Avanti Polar Lipids (Alabaster, AL, USA). Dodecanoyl-Histidine (Dodec-His) ( Fig. 1(d) ) and Pyrene-dodecanoyl-histidine (Py-Dodec-His) was synthesized and prepared according to the modified method described in the previous literature 17) . Other chemicals of commercially guaranteed reagent grade were purchased from Wako and were used without further purification.
Preparations of Dodec-His modified Liposome
The liposomes modified with Dodec-His were prepared by using the following procedure according to the previous work 12 15, 17) . Phospholipid and DodecHis (with a molar ratio 10 : 1) were dissolved in chloro- 
Characterization of Membrane Fluidity
The membrane fluidity of liposomes was determined by using a hydrophobic fluorescence probe, diphenyl hexatriene (DPH) 18) . DPH was added to the solution of where I // and I are the intensities of the light emitted with its polarization plane parallel (//) and perpendicular ( ) to that of the exciting beam, respectively. The term "fluidity" is inversely proportional to the degree of fluorescence polarization of the probe; that is, the 'membrane fluidity' of the interior of the membrane was defined by (1/P) of DPH. 
Characterization of Ligands
Metal Adsorption on Dodec-His Modified Liposome
The metal adsorption experiment was carried out by shaking the liposome suspension in the presence of metal ion at 25 for 24 h. After the above operation, the liposome and metal ion were separated by ultralfiltration (Ultra free MC; Millipore) at the specific centrifugal condition (5000 for 10 min). The concentration of metal ion in the filtered solution was measured by using fluorescent indicators for metal ion, such as Phen Green or Bio.
SOD-like Activity
A NBT (nitro blue tetrazorium) method was employed for the measurement of SOD-like activity.
In this assay, super oxide anion ( O 2-) was produced by 1 mM xanthine / 2.5 M xanthine oxidase. The SOD-like activity was determined at 25 as the inhibition rate of the production of the NBT formazan caused by the oxidation through the superoxide anion 19) . The 
Results and Discussion
Characterization of Properties of Ligand-
Modified Liposome It has been reported that the clustered state of the ligands with hydrophobic tails was dependent on the phase of liposome 12, 13) . The membrane properties of Dodec-His modified liposome, such as membrane fluidity and ligand clustering, were first characterized. The clustered state of the Dodec-His molecules on the liposome membrane was further studied by using the Py-Dodec-His as its probe molecule. Fig. 2(b) shows the fluorescence spectra of the Py-Dodec-His- It has been previously shown that the Hexadecyl-porphyrin (HPyP) molecules could undergo their clustering on the liposome surface, depending on the physical state of the lipid membrane, where the clustering of the molecules was distinctly observed in the case of liposome at gel phase 13, 14) . The clustering of acylatedtryptophan, which has similar structure as Dodec-His, has reported to be observed on the lipid membrane surface at the gel phase 17) . It has been reported that the fatty acid, which has a hydrogen donor and accepter, also show the clustering behaviors on the lipid membrane at the gel phase because of the hydrogen bond formation between the molecules in the hydrophobic environment of the liposome membrane 21) . The present ligand has the hydrogen bond donor and accepter in the amide region of the molecule as shown in Fig. 1(d) . According to the previous report on the molecular arrangement of the lipid membrane with different physical states 22) , the lipid bilayer membrane at liquid crystalline phase could intake more water molecules inside the lipid membrane as compared with that at gel phase, suggesting that the former has the less hydrophobic or hydrated surface. 23) . Different from the extraction behaviors in organic/water two-phase systems, the higher selectivity of the Cu or Zn adsorption was then observed 23) . In the present experimental system, the ligand used, Dodec-His, has some possible chelating groups in the hydrophilic region of the ligand, such as carboxyl group and imidazole group ( Fig. 1(d) ).
Metal Adsorption Behaviors on Ligand-
Modified Liposome
Among them, the pKa values of the carboxyl group and imidazole group were, respectively, determined as 9. 14) . Although the addition of both Cu and Zn was investigated, the activity level was not significantly affected (IC50 8.7 M). In order to compare the role of acyl group modification, the SOD-like activity of His and Cu/Zn with liposome was measured similarly in the case of previous study 27) , resulting that the enzymatic activity level was approximately one-thousand times lower than the present results and the SOD-like activity was not stable for time incubation. The above results show that the effectiveness of the His-metal complex on the surface of lipid membrane. However, the SOD-like activity of Cu/Dodec-His modified DPPC liposomes was 10 times lower than that of hydrophobically-modified Mn-porphyrin 14) . The value was also much lower (5% of native) than that of native SOD. It has been reported that the molecular recognition function of the liposome itself could be achieved by a combination of the nonspecific interactions of the lipid surface 28) . Although the level of the SOD-like activity of the present liposome is retained to the lower level, its tuning could be performed through the modulation of the structure of active center complex and the regulation of the substrate recognition on the structure based on the basic characteristics of liposome surface induced under the stress condition.
It was thus shown that the simple ligand-modified liposome can create a metal complex similar to the active center of SOD although further investigation is needed.
